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within the study area. Cosparimon of aerial photographs taken both
before and after construction of Hells Canyon dam in 1965, es well
as field mapping, dhow substantial decreases in both size and
nuntere of sand and gravel bars. From Hells Canyon Dam down to the
mouth of the Tamen River, the following changes in Snake River sand
and gravel bars have occurred in the post-dam ern: 1) severe
decrease in nuMbers of sand bars, 2) severe size reductions in
retraining sand bars, 7) cobble armoring of bars formerly ccerceed of
sand or gravel, and 4) increased vegetation on the highest portions
of the few remaining sand bars. These effects are interpreted to
have resulted from: a) deposition of sediments in upstream
reservoirs which increase the etymmerability to erode bedlaed below
the dam, b) frequent fluctuations in gauge height which result in
lam of sand from the bar faces, and c) reduced magnitude and
fregurecy of sejor floods whidis formerly tended to replenish the
highest portions of the bars. During the same time sand bars in the
lower, and completely undamed, Salmon River have remained stable or
increased in size to reclaim areas affected by placer 'mining. They
do not dhow armoring or vegetation of there upper surfaces. Snake
River sand and gravel bars downstream from the mouth of the Salmon
have undergcne some degradation since oenstruction of Hells Canyon
dam. Sediment influx from the Salmon and Innate Rivers have
mitigated effects of upstream dams an sand and gravel tars in this
reach of the Snake River.

N° 5642

LATE CENOZOIC =PLACEMENT HISTORY OF THE GRAND VALLEY,
SNAKE RIVER AHD STAR VALLEY FAULTS, SOUTHEASTEAN IDAHO

ANDERS, Met H., Dept of Nebo and Geophysics, University of CaWocrda,
Berkeley, California 94720, end Piety, battle A, Seramolectonk
Section D-1632, Engineering and Research Center, U.S. Bureau of
Reclamation. Darner, Colorado 80225

Our study of Miocene 10 Pleistocene volcanic rotes end upper Quaternary eluvial deposits
aelablishrec late Cenozoic displacement histories on three grabareboursi Mg faults in Swan. Grand
and Star Velers. Two of theme faults, the Grand and Star V mkry laude, forma single conenous
'stoic normal fa uh that tounda the northeastern and eastern side or the graben. On Wank
reflection profiles. these two fault, appear to have back-ski been eta Mesozoic thrust winces.
The earl fault the Snake River fault, Is an antithetic hull displaced only 75 m to the Iasi 4.3 Me.
Although the depzcen ler, and consequently total displacement is about the same everywhere in
the graben, the mine of movement on the faults appears to be deferent in each of the three
valleys.

The dkurbuticat of fault scarps in upper Quaternary deposits, the sinuosity of the adjacent
Snake River and Salt Rhin ranges. and the ages of ladled and unlaufted upper Crum ternary
deposits as estimated from aol daraioprnent Indicate that late Qua amen disolearments have
been restricted to the southern 28 km of the Grand MaT.SteLYAl/av fault system. On WIli
50U1110111 portion, maximum vertical surface dapLacoments of 9 to 11.5 m in upper Mee totem
alluvial deposits yield a fate Oua ternary displacement rale of 0.8 to 1.2 min r. In Swan Valley,
Grand Valley and northern Star Valley, hue scarps were not observed in elenlear Leper
Pleistocene deposits,

lead bmetric dating and palsornagnedo analysis of eel-exposed upper Cenozoic volcanic rocks
panne lissome:rani of changes in resplacement rate on the Grand Volley fault In Swan Vale". Since
8.5 Me this fate experienced a maximum dlepiacerneni ram of 1.8 mmtyr between 4.3 and 2.9
lAtiand a markedly lower displacement rats o10.014 Career sinoe2.,0 hip. The Quaternary Pins
Creek basalt i 1.5 1_0.0 Ma) Is easel 28  rn In Swan Wray, yet no deposits younger than this
basalt us observed to-be offset

N° 5930
THE CAtottvnarS. nr PORCUPINE. CAVE, PARK COUNTY, COLORADO

ANUERSAN, Elaine, 730 Magnolia St., Denver, CO /0220
Excavations in 1ert6 and 1987 at Porcupine Cave, an Irvingtonlan alte
in Park County, Colorado have yielded the remains of snails, emphib-
inns, snakes, birds, and a minlmuw of 42 apecies of mammals. At
least In species or carnivores are represented.

Porcupine Cave is located in South Park, 40kra South of liartsel at
an elevation of 27n0m. It is the hinhest known Pleistocene site in
Colorado and the richest fauna in species diversity in the state. An
age of 4e0,0(ste yrs S.F. in based on the presence of extinct species
of microtine rodents (Microtus paroperarius, Picymys meadensie.
synaptomys of meltoni, and Ondatra annectens) that are known only from
late Irvinetnnian faunas.

Carnivores from Porcupine Cave inclerie coyote end wolf: Canis app.;
small fmr, V,[11V31 sp.t marten, Marten sp.1 weasel. ferret and mine,
Mustela arm.: hmdger, Toxidea (Arms; spotted skunk, Spllneale sp.; and
bobcat. Lynx rufmr. In addition, the fnlricertnn species have been
tentatively identified' ahort-faced hear. Arctodee sp.1 American
cheetah, Acinnnyx op.! lartuar, Panthers sp.l and corium. Fells ep.
Faunal sttelies are continuing and excavations At the cave will resume
this Sumner.

N° 18395
INFLUENCE OF GROUNDWATER ON RUNOFF AND SEDIMENT PRODUCTION IN A SEMI-
ARID RAeGELAND WATERSHED. SOUTHWEST MONTANA

ASPIK. Jon M., (SISTER. Stephan C.. Dept. Earth Science.. and
MARLOW, Clayton, A., Dept. Animal and Rangs Science. Montana
State University. Boatmen. MT 59717

The concept of the partial variable area contribution to runoff and
sediment production was investigated on Cottonwood Creek. a p iel.
first order, rangeland cures peer Norris. Montana. Analyeis of runoff
hydrographe and rainfall records along with field investigation•
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indicate that lee. than IS of the drainage basin generates runoff (1-2
sere. of 514). These runoff generating creel also produce the bulk of
the sediment delivered overland to the  a.

The runoff produced is generated by direct precipitation into the
stream channel and onto groundwater discharge zones (seeps and
spring.). No events of Horton overland flow have been wit d. The
nature of the runoff (is. total flow and peak discharge) is controlled
by groundwater seepage area sire end rainfall cherecterirtics (amount.
intensity and duration). Seepage aaaaa vary in size through time and
are controlled by a fluctuating groundwater table. Seepage area. are
confined to sonic and are not present along all reaches of the stream.

Overland s•die•nt transport near the atream was measured in the
field using overland flow sediment traps a. en indicator for sediment
delivery to the stream. Sediment was reassured by the weight of
sediment trapped. Amounts of sediment transported aver seepage aaaaa
ere en order of magnitude greater than over dry. vegetated surfaces
(per linear foot of streambank). The main factors controlling sediment
transport from seeps are the size and rater content of the seep. Bare
otreambanks and cattle paths within the stream channel produce the
greatest remount of sediment tri...ported. an order of mesnitude greater
than seepage  

N° 8143

ELEVATIONS OF SHORELINE FEATURES PRODUCED 8Y THE 1986-67 HIGH LEVEL OF
GREAT SALT LAKE

ATWOOD, Genevieve, MAIM, Don R., Utah Geological and Mineral Survey
606 Black Hawk Way, Salt Lake City, Utah 84018

The elevation of shoreline features of Great Salt Lake provide much of
the primary data for determining elevations of the lake particularly
those prior to 1815 when the first lake level gauge was installed. The
elevation of shoreline features produced by a lake is dependent on
several conditions including the exposure and shape of the shoreline,
the surficial geology, and the slope of the land both above and below
the static water level. In 1986 and 1987, Great Salt Lake reached an
historic high level of 4211.85 feet above sea level. Shoreline features
associated with this static lake level have been measured at several
locations on Antelope Island and elsewhere around the lake. Debris
lines, beaches, and erosional cuts produced in 1986-87 range in
elevation from 4213 to 4218 feet above sea level.

N° 19091
PROTERDWIC PLUTONIC SUPERUNITS IN THE GRAND CANYON

BABCOCK, R. Scott, Department of Geology, western Washington univar-
city, Bellingham, WA 98225

Intrusive rocks of the Zoroaster Plutonic Complex (7.PC) which crop out
in the Early to Middle Proterozoic section of the Grand Canyon show a
broad range of age, composition and structure. However it appears that
plutons of the ePC can be distinctly grouped into et least three litho-
tectonic superunits. The Diamond creek surparunit is the moat diverse,
with compositions ranging from quarts-monsonite to diorite, but all
plutons in thls group show evidence of intrusion prior to Vishnu meta-
morphism and have initial-Sr ratios which center around .7025. The
Phantom Canyon.superunit includes mainly ayntectonic plutons intruded
duiing the late stages of Vishnu metamorphism. These era composed of
granite or granodiorite and have initial-Sr ratios ca. .7040. The
Surprise Canyon superunit consists entirely of anorogenic granite or
granodiorite plutons and associated dikes, with much higher initial-Sr
ratios of .7100-.7150.

There is no apparent spatial zonation of the auperuniest plutons of
all three types ere distributed throughout the 200+ km east-rest trail-1
sect represented by exposures in the rippler and Lower Granite Gorges. ;
The occurrence of these superunite reflects the crustal evolution of
the Grand Canyon region from an immature oceanic arc at ca. 1000 MA to
a stable eraton with incipient rifting at ca. 1400-1300 Ma.

N° 16518

THE BEAR CREEK ANTICLINE, IDAHO: COMPARISON WITH FAULT
PROPAGATION FOLD MODELS

BABCOCK, W.H., KLIGFIELD, R., and RATLIFF, R., Department of
Geological Sciences; University of Colorado; Boulder, CO 80309

Structures present in the Idaho-Wyoming thrust belt have played a prominent role in OUT .
understanding of fold-thrust belt evolution (Armstrong and Oriei,1965). The
well-exposed dip-domain geometry of the Bear Creek anticline (Caribou Range, SE
Idaho) provides an opportunity to investigate the application of fault-bend and
fault-propagation fold models to large reale natural folds. A part of the Absaroka thrust
system, the anticline is in the I IW of the Grand Valley normal fault and thus displays
deformation characteristic of a higher structural level than usually observed in more
deeply eroded portions of the Absaroka sheet.

In a section through the anticline near Palisade.% Reservoir, several units can be
traced from backlimb to forelimb, and are folded with an angular bend geometry.
Slickensides indicate that flexural slip was important in the folding process, but pressure
solution and brittle deformation of competent lithologies are usually concentrated in
hinge regions, and there is no evidence for hinge migration. The forelimb is steeply
overturned, particularly in the deepest exposed levels of the fold, and most units in the
overturned segments are thinned 20-30 percent relative to the backlimb. Ductile flow of
incompetent units and some ram- and macroscale extension faulting of competent
lithologies appear to be the thinning mechanisms. Geometrical constraints indicate a
good match between the observed geometry and fault propagation fold models which
incorporate forelimb thinning. However, it is not yet possible to rule out that the
anticline is a fault bend fold which has been modified by a propagating thrust, rather
than a fold developed above the tip of an advancing thrust.
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